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Three  distinct  tasks  were  undertaken  to  advance  the  application  of 
space  techniques  to  the  measurement  of  geodetic  parameters:  (irf 
error  analyses  were  performed  to  estimate  the  accuracy  with  which 
the  locations  of  satellite  tracking  stations  and  the  motion  of  the 
earth's  pole  may  be  determined  from  laser-ranging  observations  of 
the  LAGEOS  satellite;  a numerical  model  of  the  moon's  rota- 

tion was  developed  to  support  the  analysis  of  lunar  laser  ranging- 
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observations;  and  at±f  a very-long-baseline  interferometry 
(VLBI)  system  was  constructed  and  installed  at  the  Onsala 
Space  Observatory  in  Sweden  for  use  in  a program  to  monitor 
the  earth's  rotation  through  observations  of  extragalactic 
radio  sources.  The  details  of  this  work  have  been  described 
in  three  previously  published  reports. 
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The  work  done  under  this  contract  falls  primarily  into 
three  distinct  categories:  (i)  error  analysis  of  possible 
laser  ranging  to  the  then-proposed , now-orbiting  LAGEOS  satel- 
lite; (ii)  development  of  a numerical  model  of  the  moon's 
libration;  and  (iii)  the  development  and  deployment  of  a dual 
frequency  band  receiver  system  for  a very- long-baseline  inter- 
ferometer. We  discuss  our  results  only  briefly  below  since 
we  give  reference  to  the  appropriate  reports  which  present 
fuller  discussions  of  the  individual  subjects. 

The  error  analysis  of  laser  ranging  to  the  LAGEOS  satel- 
lite was  undertaken  to  estimate  the  accuracy  with  which  both 
the  locations  of  the  laser  stations  and  the  motions  of  the 
earth's  pole  could  be  determined.  Five  such  analyses  were 
performed  to  simulate  the  results  obtainable  with  14  laser 
stations  employed  to  range  to  LAGEOS  which  was  assumed  to  be 
in  a polar,  near  circular  orbit  with  10,000  km  semimajor  axis. 

The  determination  of  the  laser  sites  typically  had  standard 
errors  of  about  2 cm;  the  corresponding  uncertainties  in  the 
other  components  of  the  laser  site  coordinates  and  in  the  pole 
position  of  the  earth  typically  ranged  from  about  2 to  10  cm. 

Further  details  are  given  in  Reference  1. 

In  order  to  best  analyze  laser  ranging  observations  of 
the  moon  to  determine  relevant  geophysical  information,  we 
developed  our  accurate  numerical  model  of  the  moon's  libration. 

In  particular,  we  developed  the  equations  of  motion,  and  the 
variational  equations,  for  the  moon's  rotation  in  an  inertial 

1 

l . l l J l 


coordinate  system.  The  results  were  compared  with  a similar 
model,  developed  at  JPL,  that  was  referenced  to  a rotating 
coordinate  system.  The  detailed  derivation  of  the  relevant 
equations  and  the  partial  derivatives,  and  the  detailed  com- 
parison, is  contained  in  Reference  2. 

To  measure  accurately  variations  in  the  rotation  of  the 
earth  with  the  technique  of  very- long-baseline  interferometry 
( VLBI) , we  developed,  constructed,  and  tested  a dual  frequency, 
S-  and  X-band  receiver  system  similar  to  that  described  in  Ref- 
erence 3.  This  system  was  deployed  at  the  Onsala  Space  Observa- 
tory in  Sweden  for  initial  test  in  late  September,  1977.  The 
test  seemed  to  be  successful,  but  the  data  analysis  could  not  be 
completed  before  the  end  of  this  contract.  The  VLBI  receiver 
system  is,  of  course,  intended  for  future  use  in  a program  to 
monitor  the  earth's  rotation. 
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